Respiratory manifestations among 41 workers exposed to amorphous silica dust were compared with a control group comprising 90 workers of equivalent socioeconomic state in the same plant. Flow volumes were determined, blood gas concentrations were measured at rest and during exercise, chest radiographs -were obtained, and data about respiratory symptoms were collected by questionnaire. A dust exposure index was calculated for each exposed worker. It was not possible to differentiate between the two groups from the questionnaire, blood gas analysis, or chest radiographs. On the other hand, the tests of respiratory function showed a significant decrease in forced expiratory flow (FEF2, ,,, FEF5,, and FEF,,) in the exposed group compared with the controls, although no correlation was found between the exposure index and pulmonary function. It appears that smoking and exposure to amorphous silica synergise to induce small airway disease.
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It is well known that exposure to crystalline silica can induce pneumoconiosis. The fibrogenic effects of amorphous silica are currently being investigated and a few cases of pulmonary fibrosis have been reported after exposure of workers to amorphous silica dust.'2 By contrast, many experimental studies with amorphous silica have shown little biological effect. One epidemiological survey did not find respiratory symptoms, ventilatory impairment, or radiographic evidence of pneumoconiosis among a group of 165 workers exposed to precipitated amorphous silica.'
The purpose of this study was to determine the pulmonary effects of occupational exposure to amorphous silica compared with a control group. Also, blood gas concentrations, at rest and during exercise, were evaluated as possible indicators of changes in lung function as a result of exposure.
Subjects and methods

POPULATION
The study population was composed of workers at a large chemical plant engaged in the synthesis of amino acids and vitamins. One hundred and thirty one men worked in three shifts for continuous production. The first shift was from 4 am to 12 noon, the second from 12 noon to 8 pm, and the third from 8 pm to 4 am. The shifts alternated each week. The workers were divided in two groups according to exposure in their current job. Group E comprised 41 workers exposed or previously exposed to silica. The mean duration of exposure was eight years (range 1-28 years). Group C was a control group and comprised 90 workers of equivalent socioeconomic state in the same plant. They were not exposed to appreciable air contaminants in the plant and were matched for age with group E. The data, except chest radiograph and dust assessment, were collected during a week in May 1988.
QUESTIONNAIRE
A questionnaire, which took about 10 minutes to complete, was presented by trained interviewers. It included questions about individual characteristics such as age, height, weight, race, medical history, and work history in the plant and before employment in the plant. Non-smokers were defined as those persons smoking less than one cigarette a day and exsmokers as those who had stopped smoking completely at least six months before the study. Questions on respiratory symptoms were adapted from the questionnaire of the International Union Against All values were adjusted for age and height using regressions on the whole sample and normalised (mean (SD) = 0(1)). In the figures normalised values are presented for subjects of mean population age (42, SD 8 years) and height (172, SD 7 cm).
BLOOD GAS CONCENTRATIONS AT REST AND DURING EXERCISE
Samples for blood gas analysis were taken from the earlobe after vasodilatation with Finalgon (Boehringer Ingelheim) 10 minutes before the first incision. Arterial blood was collected in heparinised capillary tubes and immediately analysed by a trained technician with Corning 170 apparatus.
Concentrations of blood gases were measured at rest after the questionnaire, and after spirometry during standardised exercise on a treadmill (Gymroll 1000, Gillet). Heart rate was continuously monitored by electrocardiography (Tec 7100, MSR 
STATISTICAL ANALYSIS
Contingency tables (2 x 2) with x' tests were used to determine whether relations shown between variables were statistically significant. Quantitative variables were compared by t test. Analysis of variance was used to examine the relation of respiratory symptoms, work exposure, and smoking to pulmonary function.
Results
Smoking habits and characteristics of the population did not differ significantly between the two groups except for the percentage of shiftworkers (table 1) . Table 2 shows the prevalence of respiratory symptoms.
Concentrations of blood gas at rest and during exercise were not significantly different between group E and group C (table 3), and no difference was found between the chest radiographs of the two groups.
All air flow values were lower in group E than in group C ( There was no significant correlation, however, between the exposure index and pulmonary function.
Results of the pulmonary function tests were compared according to the exposure to tobacco and smokers and the exposed workers than among the non-smoking non-exposed workers. These differences were significant between the smoking-exposed group and the non-smoking non-exposed group. Figure 3 Mean normalised FEF7, and FEF2-,75% according to exposure and smoking fiabits. S = Smokers, NS = non-smokers, E = exposed workers, NE = nonexposed workers. 3) and may explain the emphysema found in two workers by Vitums et al. ' A further noteworthy finding was the apparent healthy worker effect of exposure to dust; the nonsmoking exposed workers having a greater FVC than the non-exposed workers (fig 2) .
A further aspect of this study was our interest in the questionnaire, chest x ray films, and concentrations ofarterial blood gas to distinguish two groups of workers, exposed or not. None were able to discriminate.
Arterial blood gas concentrations have been proposed as an epidemiological tool to study coal workers45 but the technique had not previously been used at the work site to study lung function in subjects exposed. Several factors may explain the lack of difference in our study; amorphous silica is less fibrogenic than crystalline silica; the dust is not highly respirable and no pneumoconiosis was found on the chest radiographs of the exposed workers; the exercise regime was perhaps too weak in our study, but it was difficult to conduct a more rigorous exercise at the work site.
In conclusion, exposure to amorphous silica dust may induce a mild small airway disease, only shown by comparison with a control group. This obstruction to air flow is increased by cigarette smoking. Only flow volume curves were different between the groups. Arterial blood gases, at rest and during a standardised exercise, and chest radiographs were similar between groups.
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